Purpose. Determination of the relative number of fish juveniles on biotopes of the upper part of the Kanev reservoir in the aspect of evaluation of these areas in general propagation of ichthyofauna.
PROBLEM STATEMENT AND ANALYSIS OF LAST ACHIEVEMENTS AND PUBLICATIONS
Fisheries exploitation, which is an important aspect of human activity on the Kaniv reservoir, belongs to the factors of direct effect on qualitative and quantitative parameters of ichthyofauna. Taking into account that the reservoir is a complex system with high level of anthropogenic load and background effect of the regulated water flow, the problem of the conservation of biodiversity and stocks of valuable fish species is of vital importance.
One of important aspects of the realization of the mentioned problem is assurance of normal conditions for fish propagation, in particular in regard to the spawning stock available from the point of view of effective reproduction. Previous studies showed that spawning conditions for phytophilous fish, which compose the majority of both river and lake commercial ichthyocomplex, significantly worsen due to overgrowing and silting of spawning grounds, unfavorable water level regime, and takeover of shallow areas of the reservoir for various business activities [1] [2] [3] . At the same time, there is a need for assessing these factors, in particular concerning the effect on quantitative parameters of the development of the spawning stock. Taking into account that the majority of the commercial stock in the Dnieper reservoirs is based on natural reproduction of ichthyofauna [4] , investigation of these problems is of great scientific and commercial interest. Moreover, an important component of such studies is maintenance of the balanced structure of the ichthyocenosis -currently 11.0% of the total commercial ichthyomass of the Kaniv reservoir are predatory fish, while this value reached 19.0% during the period of sustainable fisheries exploitation in 1985-1989 [5] . A tendency for the decrease of the relative number of predatory fish in the Kaniv reservoir was also observed in fish juvenile surveys that is a negative phenomenon from the ecological point of view. It is necessary to take into account that all predatory fishes of the Kaniv reservoir (expect perch, which can be considered as an opportunistic predator [6] ) belong to stenobiont species, in particular in regard to reproduction conditions.
HIGHLIGHT OF THE EARLIER UNRESOLVED PARTS OF THE GENERAL PROBLEM. AIM OF THE STUDY
The upper part and mouth of the Desna River have been traditionally the most productive zones of ichthyofauna reproduction in the Kaniv reservoir [7] . However, this pattern has not been observed last years. It can be possibly related to intensive building on the littoral zone and large-scale hydrotechnical works. In particular, a narrowing the Dnieper channel and reduction of spawning grounds near Konche-Zaspa and Kozinka River are considered to have significant effect on the reproduction of phytophilous fish [8] .
The studies of fish juvenile communities carried out within the framework of the Kaniv reservoir monitoring, show that the upper part of the reservoir is traditionally an important zone for ichthyofauna reproduction and is characterized by its highest biodiversity [7] . However, except qualitative indices, quantitative ones of fish juveniles are of great interest, in particular in regard to the role of individual sites in the total production of ichthyopopulation recruitment. In particular, it has crucial importance for determining the most valuable sites (from the nature conservation point of view) and for assessing the possibilities of hydrotechnical works in the littoral zone of the reservoir.
The goal of this work is to determine the relative number of fish juveniles on biotopes of the upper part of the Kaniv reservoir in the aspect of the assessment of the role of these sites in total ichthyofauna maintenance.
MATERIALS AND METHODS
The material was collected in the second half of July 2011-2013 according to generally accepted ichthyological methods based on standard network of stations on the Kaniv reservoir [9, 10] . Five sites of total area of 4738 ha with typical biotopes and compositions of fish juvenile communities were defined in the zone of intensive hydrotechnical works in the upper part of the reservoir (I -"Vodnikov island -Zhukiv island"; II -"Bortnychi"; III -"Kozynka"; IV -"Vyshen'ky-Protsiv", V -"Stugna-Ukrainka"). Fish juveniles were caught using a beach seine made of mill gauze № 7, length 10 m, height 1 m. In total, 12850 m 2 of the littoral zone was covered by seining, 15.4 thousand young-of-the-years of different species were analyzed. Analysis, measurements, and species identification were done directly on the sampling sites. Shannon-Weaver diversity index (H) [11] was used for comparing species diversity of the commercial ichthyofauna of different sites. Taking into account the same technique of fish juvenile collection on all stations of the reservoir, the catchability coefficient was taken as a constant that allows correct comparing absolute (calculated for the total area) indices of fish juvenile numbers. Areas of shallow waters were determined with the aid of the GSP-receiver Garmin Dakota 10, and MapSource and Google Earth software.
STUDY RESULTS AND THEIR DISCUSSION
The area of shallow waters in the Kaniv reservoir fluctuates within the range from 20 to 25% of the total area depending on the water level. The majority of shallow waters are covered with aquatic vegetation, which is a spawning substrate for phytophilous fishes and hiding zone for the majority of fish juveniles. The spawning substrate is formed of emersed, submerged, and floating macroflora. Following phytocommunities can be defined: littoral emersed rigid vegetation (reed, cattails, bulrush), meadow vegetation (sedge, bent, yellowcress, fowl bluegrass, rushes), plant with floating leaves (water smartweed, water cultrop, water lily, yellow pond lily), emersed soft vegetation (arrowhead, water-plantain, grass rush, manngrass), soft submerged vegetation (pondweeds, hornwort, watermilfoil) as well as roots of trees and bushes. Sandy shallows adjacent to vegetated zones are also a spawning substrate for many fish species [2, 12] .
The majority of shallow waters are now the best spawning and nursery grounds, however some of them became overgrown, silted, covered with bottom sediments from dredgers and in such a way lose their importance. Intensive development of rigid aquatic vegetation and blue-green algae as well as sharp decrease of oxygen content deteriorated the sanitary-hydrobiological regime of some shallow sites that they not only lost their importance as spawning and nursery grounds but also became the sources of water pollution [1] . The value of a certain site for fish reproduction is determined by several components: availability and accessibility of the spawning substrate, remoteness from wintering grounds, availability of biotopes for fish juveniles, development of food base, etc. Accordingly, even potentially ideal shallow sites for spawning can have no importance for fish stock recruitment and vice versa. Therefore, an integral index -the number of young-of-the-years (based on the data of summer fish juvenile surveys) has been used for the assessment of the role of these reproductive grounds. Taking into account significant variability of qualitative and quantitative indices of fish juvenile yield in an inter-annual aspect, average values for a three-year period were used to characterize the spawning sites. During last five year, 34 fish species were recorded in beach seine catches in the Kaniv reservoir, the majority of littoral fish communities was composed of phytophilous representatives of cyprinids (up to 90% of total number of fish in catches). The relative number of species, which are considered as commercial, has a tendency for an increase during last years (mainly due to roach) -their part was 34.3% in 2011-2013 versus 20.9% in 2000-2002 [12] . Among species, which significantly increased their number, is Prussian carp, the relative number of young-ofthe-year of which increased from 0.9 fish/100 m 2 in 2002 to 35.4 fish/100 m 2 in 2012.
Representatives of 26 fish species were recorded on the stations of the upper part of the reservoir, 50% of which were secondary commercial species -bleak and rudd. The part of non-commercial species on the majority of stations was low enough; the exception was the section Stugna-Ukrainka where this value exceeded the average value for the reservoir due to bitterling and gobies (Table 1) . An important characteristic of the role of reproductive sites is a possibility for reproduction of fish of different ecological groups. As a qualitative criterion for the assessment of this characteristic, we used information indices, which sufficiently correctly reflect the complexity of the systematic structure of biological communities.
The highest Shannon-Weaver index value was recorded on the sites "Bortnichi" and "Stugna-Ukrainka": 3.06 anf 3.24 bits/ind., respectively; the lowest -on the site "Vyshen'ki-Protsiv" -1.62 bits/ind. Thus, a conclusion can be made that the obtained Shannon-Weaver indices for all analyzed sites (excluding "Vyshen'ki-Protsiv") were characterized by high enough values indicating on the developed species structure of these ichthyocenoses (at least from the point of view of the availability of nursery grounds). The low value in Vyshen'ky -Koncha-Zaspa can be explained by the effect of intensive building activities in the littoral zone that resulted in significant deterioration of qualitative and quantitative characteristics of the spawning fund in this zone. Somewhat higher values of this index (1.74-2.12 bits/ind.) in the upstream zones of the reservoir, which are also located in an urbanized area, in our opinion are due to the presence of developed spawning and nursery biotopes formed on littoral zones of Dnieper islands and an effect of migration processes from tributary systems [4] , in particular from the Desna River. As mentioned above, the upper part of the reservoir was the main fish reproductive zone -juveniles of 77% representatives of the reservoir ichthyofauna was recorded here and the relative number of valuable commercial fish species exceeded similar values for middle and lower parts of the reservoir by 2.5-3.0 times (in particular, they were 46.4 fish/100 m 2 , 18.9 and 16.4 fish/100 m 2 , respectively, for 2002 [8] ). Based on the results of our studies, the relative number of the indicated fish juveniles on different parts of the reservoir was 44.9 fish/100 m 2 , 13.2 and 7.2 fish/100 m 2 , respectively, i.e., no significant inter-annual changes of the localization of main reproductive areas observed in the spatial aspect. At the same time, the total number of fish juveniles (as an integral index of reproductive component for maintaining quantitative characteristics of ichthyocenosis) is characterized by a certain decrease -e.g., it was 197.3 fish/100 m 2 for the upper part in 2011-2013 versus 254.0 fish/100 m 2 in 2000 [8] .It is necessary to note that the index of juvenile number on littoral biotopes is a dynamic characteristic, which is under a combined effect of two main factors -the area of spawning grounds and number of brood fish. Thus, a reduction of nursery grounds with the same number of brood fish results to an increase in the number of juveniles just due their concentration on limited areas. Accordingly, for more correct assessment of the reproductive ability of littoral biotopes (at least in a comparative aspect), it is necessary to use the values of the actual areas of these sites. To do this, we calculated absolute (per area) numbers of fish juveniles with consequent determination of the part in the total reproduction of a certain fish species in the Kaniv reservoir. The results are presented in the Table 2 . An analysis of the Table 2 shows that 70% of vimba, 60-65% of bream, ide, roach, perch, and dace of the Kaniv reservoir are reproduced in the studied part of the Kaniv reservoir, which contains no more than 40% of nursery grounds. It gives grounds for designation of these sites as especially valuable in the nature-conservation aspect. At the same time, the upper part of the Kaniv reservoir is located in the zone of intensive hydrotechnical and sand extraction works. In the majority of cases, these activities are related with the changes of shoreline and have direct effects on the state of shallow water sites. Taking into account that a significant part of spawning grounds on the right bank of the upper part of the reservoir is very degraded (up to complete destruction) [12] , the problem of the conservation of remaining spawning fund is of great importance. Due to this fact, it is necessary to prohibit any hydrotechnical works on littoral zones in the upper part of the Kaniv reservoir (up to the isobath of 2 m).
CONCLUSION AND PERSPECTIVES OF FURTHER DEVELOPMENT
Today, the upper part of the Kaniv reservoir remains the main fish reproduction zone of the Kaniv reservoir (fish juveniles of 77% of the local ichthyofauna are recorded here), which ensures more than a half of the recruitment of valuable commercial species. It dictates the necessity for the imposition of a special protection regime, the important component of which is limitation of activities related to the destruction of littoral biotopes. The perspective trend of further studies is a detailed classification of spawning grounds and development of a plan for reclamation measures
